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Note: At the time of this lecture series in late 1969, Feynman was heavily 
involved in the particle physics and experimental research leading to his 
"parton" theory which complimented quark theory. Since the topics he set 
out to lecture on took him afield, the preparation and research he had to do 
to prepare the lectures became too time consuming and be had to give the 
lecture series up. 

I decided to include what I had here even though they are incomplete and 
well dated now. My reason to include them is only to give the scientific 
community a look into the "dynamic range" of Feynman's inquistive nature. 
I have learned that Feynman most likely drew upon Seymour Benzer for 
insight into this series on microbiology and biophysics. Benzer had started 
out at as a physicist but with the discovery of the structure and nature of the 
DNA molecule he changed over to the emerging field of biophysics and 
genetics. As a CalTech colleague of Feynman, he apparently communicated 
with Feynman whose intellectual curiosity led him into this lecture series. 


Those of us at the labs shared his curiosity in this emerging field even 
though Hughes Aircraft Company had nothing to do with this scientific 
pursuit. That could not be said, however, of the Howard Hughes Medical 
Institute (HHMI) that continues today to advance our medical and 
biological understandings. The ultimate sale of HAC in the mid 80's 
provided over $5B in "endowment" to the HHMI. 


Feynman was always seeking to better understand nature and our world. 
This series of topics just demonstrates Feynman's interest to look outside of 
his known field of expertise. We should think about how our own 
professional focus can limit us in better understanding the 
interrelationships of all scientific endeavors. Today, that appreciation is 
reflected in multi-disciplinary study courses that represents non-linear 
teaching at all levels of educations. While we need very knowledgable 
specialists in a given field, we need well educated individuals who have 
developed an interest to see the interrelationships of physics to chemistry, 
biology, neuroscience, nanotechnology, etc, 


JIN comment Dec 2013 
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3 NOV. 69 INTRODUCTION TO THE COURSE OM Bi0Lloey 
Tooay , 1 wAweT 79 be A NEw SubvecT MATER. | hfe decided 
The SYBYECT | WILL TALK ABovT with be Biolocy. The Lecwres Coutd 
Go om forever because There Are SO MANY feLATEd TOPICS ,E& biophysics, 
biochemisTrY , MOLECULAT bioLIOG? , CeNeTicC, PhySi0LOGY, ECOLOGY, 
That The PovecT i$ Envision 18 EWprmoos. AGfin | WILL bE odided 
To A Laree EXTENT by The Quegriows %00 Mise AdNd The direcnon 
They ved me. 


To Find Aw APPCOPTIATE STACTING POINT 1S) fl IMpossibLée Job. 
The suvbvec! MATTIE differs from Chemistry find PhYSicS in Some 
SienihicAwt WAYS. ALL The related fFi€lds of binloGY TD A GreaT 
€xTenr Ave independenT. The refison for This IS biotooy LACKS 
A dAsic toundATON of fond AmenTAL LAWS; Liws Developed bY Theory 
And Provew To be Trye bP ceperimewT, We will find very LITLE MAth- 
emATICS AS WE GO Throveh The mATeriAal, BASIC AlcebraA And caALcuLus 
Wick Suffice. LACKING ThiS UNderLYING UMTYING Thread, AS IN PhYsICS, 
) have Found TF Most difhiculT T orchwite TRE MATErIAL IM A 
MEAWNGTOL wf. 


|} have Tried JO OriewT The SUbdJECTS ON A SCALE TARNHGING 
Srom The Very SMALL( The Electron, NUCLEVS, ATOM, MOLECULE YEG ME ) Td 
The ver’ LATGE SCALE Where MANY Brobee comPLeyw bioLocicAl SYSTEMS 
INTECACT IN A CLOSEd ENVITONMENT ( This iS The held OF Ecoroct). 
Thus | PLAN, Soower or Later TO Spfw The bioloercAL spectrum 
fron The SuWmoLecuLArY Level to The Grandiose ELoLveicAL LEVEL: 
IT \S MY PLAW To STAT AT The SiolecwLAr Level Awd Work NY WAY ve. 


Bioloey jor yore property, CLASSICAL RBiolLocyY IS bASeEd UpoN 
ObseruvAMoNS find CKPECINEWTS WITH LIVING OreTHVISMS , OFefWS, fhid CELLS. 
CLASSICAL bi0LOGY deatS WiITh LIFE ON ThE mylncectuLfAr find SINGLE 
CeLLuLAr Level; jor below The Pas Cetl Life IS Not sfrid To Gust. 
PLAMSIS find finiMALS Are CATEGOFItTEd INTO SPecies, GroUPS, PhYLLA, 
Arid Kino domMS. The basis of CATEGoritNTON ALE COMMON TrAITS , FEATUFES, 
Tésem bttawces, WME THICK TO VNdersTAwdine The SUbJECT MATTER IS TD 
LeArm WhAT The COMMON ELEMENTS ATE AmOUNG Tne VATIOUS oretwiSnms, 


Somewhat AT odds with The jdeAs of CLASSICAL bioLoey 1S The 
more recewT hetd of MOLECULAT binLoGyY. The New APProfch Assumes 
MAT The ChemicAl CONSTIVENTS, SepRrATEd from The CELL find STVdIéd 
win sufficrewT SUptiery ANd deTML, react ACcOrdIAG TO KMOWN ChemicaL 
fied OhYSICAL LAWS IN A Mfwwer WHich CAN Accovm tor Life, IT 15 
ProProseD THAT LIFE MAY Gran reside IN A SINGLE CELLULAR CONSTITUENT. 
Thus MOLECUL AT DIOLOGY dGALS EXCLUSIVELY ON The SINGLE CELL LEVEL 


CELLS hfve beew found To hfve several Key common features: 
GO). CeLLurar Chemical VEACNONS ALTE ALL Goverqued bY CATALYSTS 
(2), GAsiCc ChemicAeL POCesS 1S TO COWVGETT GwCdSe TO Ch 
(3. CELL MUST be AbLE w éProduce 


The chemicAl VEACTIONWS CAN bE VETY COMPLICATEd Ad INVOLVE 
MANY SeEQuences Ath Vequiring A CerTAin CATALYST Td MAKE IT GO. 
However ALL forms OF Life requife The eEweroY From The SYN to 
SUSTAIN ThE ChemicAL ACTIONS find ULimMATELY TO SUSTPan Lite. IN 
PLANTS The Sue'S Eeneret IS Absorbed difecTLY Throveh The sYbsTAwce 
ChLOrOPhYLL, ChLoroPhylLlL 1S SUbSEQvuenTLY broKEN DOWN INTO A nore 
STABLE chemicAl Exerc’ form. The chlorophyle Therefore, CouPLES The 
SUN'S EnerGy ThrOvGh PhoToN EXCITATION OF ITS OWN ATOMIC STrUCTUIE 
INTO A STABLE ChenicAL- ELectric SVWSTANCE. ThE MOST COMMON ELecTrO- 
ChemicAL STOFAGE Plocess 1S To USE The ENEGY OF The ExciTed ELECTTOA 
TO S@PATATE WATED Hid . Oxrow 1S FELefsed to The ATMOSPhETE WhiLe 
hY¥ Doce JdINS OThEr MOLECYULES. 


The PLANTS THE frosorb The Enerc?y From The SYN; AIMALS COME ALONG 
EAT The PLANTS, Ad PELASE ThE STOred Ewerey. The Whole Process 
YePresenTs one Gichwric Chemical factory. The CATALYSTS or HEYnés, 
MAKE THE Whole Thine Work buT DON'T GET CoNSUMMEd ThemseLV&. 
EN@XMcs ATE BASICALLY MaAOe of Proteins fnd Proves vePresenT The 
GENETAL CoNSTrUCTION UNIT OF LITE. 


Our SWOY Wilt vbEGIN bY uWdersTAINd ING Those ChemicAl 
FEACNONS GOING ON INSIGG THe CELL And from There Contrnue 
OW. 


| Should MENTION The TWO Creat ASSUMPTIONS Nftdé 
IN he fiecd Of bidtocy: 


GQ). The EnVvironmenT of ALL LIVING MinGs 18 bASEed ON 
ON The €frTh ExvirONMenT PACK to The birth ot The 
PLANET ArbouT 4 biLLION YOWS AGO. AS A Consequence 
Of This ASSUMPTION IT 1S POSTULATED ThAT The Lone 
histor? of EVOLUTION HAS LED from The CAT bON MOLECULE, 
to HE SiINGte CEL, Add HwayY TOTHE hichlyY SPccuALIted 
MULTI CELLOL AY body 


(2). AlL Pheromenfh ASSOCIATEd WiITh ThE happesines of A 
Living beime Chm be EXPLAINGD IN Pphi¥sicAl-chemicAL 
Terns. At one Time iT WAS FELT THAT CELLS were NOT 
SYDVECT TD The NORMAL LAWS of NATUCES And bY POSSESS Ed 
SIV ANTE QuALITIES. TODAY Tne bioLociSr STYIVEe For The 
PhySicAL- ChemicAlL EX PLAN ANION of Tne GWENTS he observes. 


The first ASSUMPTION LIMITS ThE rAnce of PossibLITIEs oF hdw 
Life on Tis PLANET origi WATED. The PoSsibiuiTY OF bee A 
Tram Splimted SsuieTY trom ANdTHEr PLAWET IS NOT Gonsidercd. That 
iS MOT 12 SAY Life Does NOT w EXIST SOMEWhErE EASE IN The 
UNI EfSe. IT would BE jmpoSsibLE To ASSome THAT Life ON ANOTHER 
PrAweT would be LIKE Ours. It IS’ ALMOST INCrFéediIhLEe JUST 
UNndéersmrdinG how iT EvoOLVeD WERE. Many ACCId GTS have occurred 
ALoNG Tne EvoLUTION PpAth. Not onry ATE There mANY OTWEr forms 
of Life POSSib¥LE Which MAY @R TeLy oN A CArbon CYCLE buT 
SILILON Could TEpLALe CATOON pwd A LAGE Number of AbdINOWAL 
POSSIHILITIES DECOME POSsSIbtG- IN facT ITS ALMOST INCONCEIVADLE 
MAT ATomS cAN AcquIté “ CONSCIOUSNESS” And MANY TYME IT 1S 
NECessAry To TéSorT TO AN ELPLANATION LIKE “Gon DID IT.” 


BuT WE hfve LeftNed 10 UNdersTANd Te KEY of LIFE, DNA, 
And how IT WOrKS. How IT MAWAGES to DupicATE ITSELF 
White AT Tne Sfme Time make The mAchiner? tor fuTvre reproductnon 
has beep A LonoTmMe mystery byT NOW WE we ThINK Wwe 
UNdETSTANd. MANY Times I The Process of PeproduciINnG The 


3 


Sheet Of WStrucDOoNs GETS douLed UP fed The copy 1S NO 


Gow. SomMenmées The Copy IS FEAL Goo And IT WOKS beer 


so IT Survives. BuT AS ThE orennism become More comprey 
ERch NEw Chance ARPEARS TO be for The worse, IT is 
AvAlLocous TO The Law otf ore fAwizANON IN TODAYS SOdUET;: 
Evert Chi teée LooKS LIKE ITS for*w ors €. 


ORGANIC CHEMISTRY. 


VLE becim MY cLecTufes by first cONSIPERING ORGANIC Chemistry. 
PTY The Poor Guy Who hAS TO LeATN ALL The mATSIAL IN OreAWic 
Chemisiry JUST TO MAKE The millions of adifferwT Dmrpouwd’s. 
We won't worry Abour how TO MANUTACTULE OFGANIC Compounds 
bor vr ATher ONCENTTATE ON WhaT hed ATE And WhY They Are 
ImMporMANT TO Biorocy. 


Citbon 1s The S10sT IMPOrTANT ELEemGuT Forlowed py oxycew, 
HY Drogen, NiITYOG¢E Awd Then AbourT A Doten whe LESScr ELemenTs 
INVolved ID The Chemistry’ of MAN. Some OF The OTHEr Key CLEMEeNTS 
ARE Phos Phorys SulFur Godium, POTASSIUM, lodiNe, IROM Chloring Awd 
MinGAnese, We'll STIAT With CAtoom 


Carbon has G electTYonS Zot Which form The cLosed S-Sheut 
Aud 4 vaArence Electro NS. CAtbon Likes To G/AhW or Lose These 
tour ClLectroms IN Oder To GET TO A LOWEr B&WETGY STATE. Owe wA? 
TO Be Achieve The miwimum ENETGY SMITE IS To be surrdunded bP 
For hedroges ions Ht Avd Thos Achieve A STAbLE OCTET ARRANGEMENT: 
SPMboLlicALLY This 1S déwoTtcd AS H where The Twd 

H: Cc. 1H 

PAIfEd DOTS TEPRESGOT ShATEd nT ae ee Are IN Two 
DifterenT SP STATES bueT occupy The sfme seAce. CHa is 
hore commMOWLY KNown AS MeMnAWE. WheN ELECIVONS Are 
Shared LIKE This The bond IS CALLED A COVALENT bond. 
The other WAY To AChIévVE A STMBLE ElEcTTON CONS GOrATION 
th tor The CAfbow TD Give vp ITS 4 CLecTFONS E.G. Chlorine 
IS QuITE willLINGTo ACCETT AW ELECTTON 8? “Four ChLorine 


ATOMS will NEVTTALIZE Tre cAYbDON , “he 
‘ OE eh: 
This TYPE oF boNd ING IS CALLEd IONIC bonding, - oh 
Now here Are A LoT of DitteewTt Subs TUTION POSS IbLE 


Whéed ComsiderinG® Wo or mote CAf bon ATOM SUCh fs ETNANE GHe 


H 
OF S¥YMboOLICALLY H:@iH ALTE NATELY “DewoTed by 


1 

Cc H- = 
WiC: H H- a - 
" h 


IN TMS MOLECULE The HYDMGoCEY ATOMS CAN roTATE FrEeELY AbouT 
The C-C bad. |» GererAL vroTRMOoM CAN Occur AbouvT A SiMGLE 
bomd whte iT CAN'T Aboul AA dovbl€ Bond. 


OTher CommMou Chybon componds are 
H 


H 

\ \ He 
PROPANE H-C-G-C-H Hs C-=¢ 

l 1 | * 

C3 Hs H H UW CH 3 
4H H HA Hz 
BUTANE: HC -G-C-C-Ht gn 
i \ be ak HG So 
Ca Hic H oH HH : . 
NOrMAL ISoburANE He. POTATION AXIS 
Qs 


ANd Conmwuinc The Series Throveh Pevrfine, hex fe, hepTANe | oct Ane, 
ETC. The formoras of ALL Mese h¥dvoch bows coNntorm To The TYPE 
Cn H acnvid) « As you GET Hiwhér Ard higher im The NOvEecuLrAR WEIGHTS 
You come TO The waxes. IN These substances The Chains of DMS” 
become So INTE&COMNECTEd THAT MESS LOOKS LIKE # PLATE of SPAGhETN 
With ALL The &ds Glued ToeeTher. ComPounds which Are derivATves 
of The METnANE-ETHANE-ProPANE series ATE CALLEd SATUFATEd hydro- 
CArbons bechuse The Carbon vALences Are ALL SAduraTcd WITh hy droge. 


IN MANY compoundS CH3 ACTS AS A Lump TO TEPpLAce hydroc &n ; 
The derivanves Are shld To berowe TO The MeThYL Group E.G. CH C2 
MeTWtL Choride IS ONE Boch Compound H-¢=08, 
H 


AnoTreR MANOor GrouPING of h? dro cArbowSs IN SATUrATEd 
STrucTures fre The CYCLO ALKANES, ALKANE STAN ING for The 


sAwrAted bowd Aid CYCLO denoTING ME Closed StTYUCTVrEe. Such 
EXAMPLES Are °. 


CYCLO ProPAN E Hig = CH» CYCLO buT ANCE He C 
C3 Hy, % / C4 He | 


Cycto PeuTwe , hexAwe, hepine | ETC. 


ALKENES 


AnoMmer mMANor & CATEcory of hydroe@RRbons Are termed by 
dovbie bonds AS OPPOSEd TD The SINGLE bonds Of The ALKANES. 
The cArboon ELECTYOMS have Two vALEnce CLEMONS fd ATE SAld 
TO be UNSATUFATEd hedrociybons. ALKewes Are very Veacnve As 


Compfted TO THE YeLANveLy dulLL ALKANES. Aw EXAMPLE ot fy 


ALKENE If ETWYLENE, Cr Hg, Hy ZH 


CaS¢ 
H~ SH 
IN The double bond structure both ELECTYON PAs Are Shfted 
by The Two Cfrbon roms. AN INTErESTING Member of ThiS Group 


IS buTAdiene C; WS, H.C ea ey =CHe. IM ThiS Compound 
The shaved ELECTION CAN ron back Avd form ALONG The CAtbow 
ChAIN JusT LIKE A wife. 

AlcoHots 


Alcohots Aré HYDroxy. derivanves € OH) OF ALKAnes. Meth 
Alcohnoe is A <oMMoW COomMPound of THIS Group 


H 
i) 
CH3 0H : A oH 
H 
OTher compounds ATE higher order mutTipLtes of This basic sTructure,£.e, 
H oH 
EThYL ALCOMOL (liquor) { H-¢ -C-o-H 
How General form. ROH 
H ow Where R S¥mboli tes CH; 
PropylL ALCOhOL =e = a=¢-o-H ) 
n-C3 Hy OH a, oe H, ere, 
a 
ISOProPYL ALGhoL Gi vou Cosine ae ana 
t1-Cs3H7 0H ‘ 6 | 
Ht | H 
H 


These compounds ABE ALL ChArACTerited by A strAie ht -CArbow chAin, 
IN AddiTION TO The SinNote Widrox¥e Group There 1S fWéThHEer ASSOCIATEd 
WITH SVOSTITVTING Two OH’S AS IM The case of 


4 H 
‘ | 
H-C-ol4 H a GLY Cer IN 
i 
H-C-9H H-C~-oH 
H H-C -0H 
i 
H 


CARBONYL COMPOUNdS 


Compounds Formed wiTh 40UblLE bonded ox¥eew Are called 
Cdr bonyL ANd Are of TWO TYPES 


Atdehides fd KETONES. 
R 
\ 
C20 R 
of c¢c¢=0 
a A 
Ald hide KETONE 
TWo EXAMPLES Of AluAh¥deS AWd KETONES ATE 
l4 \ CH; on .. 
co % i =6 
H a C36 = 
form Ald Ahydé eu” ue 
ACETONE ACETALAE hyde 
AN INTECESTING CLASS of SUbSTANLES bELONGCING TO TniS CcATEGoryY 1S 
The Cr box?l GRoup , R.& 
- =O 
OH 


when R=H The WmPpound 


IS Formic Acid, A poweguT SMELLING LIQUId IN ANTS, 
Hs. 
formic Acid Pe 


OH 
ALSo uf R= CH3 


we GET ACETIC Acid, Sor Liguid in VINEGAR, 


oH” 


A derwanve of The CATbOXYLIC Acids | f# CATboNYL compound , 1S 
IS dormed by 


CALLEd AN ESTER. The ceweral form of fw 6STE& 155 
And 


Rro 
Com binINne AN ALCOHOL WIth HW sis 
Acid forming wATEr Ald The ESTER R 
re =0- + H-o-¢ = SUA Gis, 0 
i Ho oe 
ESterS hAveE A 


ri 
CH3 
characrensne Frouty Tlavor Awd Give many 
flowers Aid froits Their trae rank, 


ASYMMETRIC CARbON COMPOUNDS 


ee 
AN INTECTESTING Acid IS TARTAIC Avid) Caos C=C 
) ’ =~ 
OH OH H OH 
When PolATIZEA LIGHT Shines oN he 


compund Fhe plane 
POLARIZATION becomes roTfted. Many 


Compounds AISPplLAY Tis propersY 
And Ate hftve A SpMmetTryy Which is TeElEetTed 


Which 


FOTATE The prAave of POLATIZATION 


TO SISTINGU)Sh Compounds 
TWMme riskr or We Left The Terms dextro td) find Levo (2) , Vespecnvery, 
Are used. 


SUGARS 


Id NOW LIKE To GET INTO A brict DescriPNOM of SUGArS 


because from secArs we cAN Move wid biochemistry? And The, biouoey. 
SuG@Ats serve IN Two MALOOF CAPACITIES IN NATUFE. 


To ANIMALS SUGCATS 
CONSTITUTE NOT ONLY A Source oF ENEGY buT 


AtSo A basic building 
Brock im CELL StrUcTUce. Glucose IS The basic SUGAT UNIT IN AVIMALS 
Ad The dicestive Process WworkS YW break down The more | 
COMPLEX SUGATS TO THIS SIMPLE UNIT: IN ALM AES PLANTS 


SUGATS Provide A sTOrAce PLACE For The EewarcY Absorbed IW 

he Photo s¥NMheESis Process, Also, LIKE IN ANIMALS, The more Complex 
SuGhrs form STrucTUrAL MATECIALS LIKE cetluLose IN PlLAwTs 
The simptesT SvcArS Are The monosAccharides . hese sucArs 
Pre ChAPACTETISNCALLY COMP OSEd of SiVE or SIX CRYbOMN ATOMS AWd 
Ate KMOWN AS PENTDSES Ad hexoses. The GenerfAl FormulA for SuUcArs 
1s Cn Hin On, Ate More COMPLEX SUGATS 
Trisacchfrides, ETC cAy d@ be tormed 
Sucfrs Ate baASIcALLY 


such AS dismcchwride, 
from The monosAccharidées. 
STVAIGhHT ChAIN MOLECULES Which display 


Four COMMON MoNosAccChAridés APPEATING 
D- Glucose —D - MANNOSE 


AN AsYymmMeTryY, 


IM NATVCE ARE 


D-FRUCTOSE RB - GALACTOSE 


CHo CHo i = 
Q Olt Ho-+-tt Gk: o H OH 
Ho-* H Ho+- bo+ 4 Ho H 
H OH H+0H H-oH Oo H 
H—-*- OH H ty iH H+ 0H lH =r OH 
on 60h an We 


BIOCHEMISTRY 


hast TIME WE TALKEd AbouT SYGARS And OThEr CHYboN 
ComPouUNd AS WE Were LEATNING floouT The GENEFAL SUBJECT of 
DYGANIC Chemistry. | woold LIKE T CONTINVE ON by DISCUSSING 
ONLY ThoSE Chemi<AlL Processes Which Are IMporTANT IN 
biOLOGICAL SYSTEMS. 


WE were DISCUSSING SUGARS becAuse of Their Impor TANCE 
IN bIDLOGY, | would LIKE TO Show YOU AR LITJLE beTIEr WAY 7D 
REPresenT These comPLEX MOLECULAT STrucTVres. The Structure for 


Drd- @LUCose , more commonly, Dextvose, 1g Shown IN THIS QuAse - 


WEE dimewsiowAl Ar AWING 
*CHLOH 


HH; H The VérTicey wf The PolyG@on Are 


\ The Sites of ThE Cftfbon MDMS 
€ Note The Numberine) Except Where 
he OxyYeEN Atom occors. 


DEXTYOSe 


The PENTOSE sguctr, Ribose, hay A SimilAr structure 


schon “OV 1, 
‘aK , 
H Zon 
3 . 


OH OH 


And 2 -desoxnyRibos€ IS GIVEN by: 


cHoH e H HERE The OXYGEN ON The 249 
A ee oH CArbom ATOM hAS been Removed. 
OH d 


The LIST OF MONO SacchArideS APPEARING IM NATUFE IS NOT VERY 
KONG. A dew of The common MONOSACChATIdes Are The : TETYOSES , ATITHASSE ° 
PENTOSES , PETYOSE, ArAbywose , XYLOSE Ribose 5 hexoses , D-@LUCOSe | MANNOSE 
GALACTOSE Fructose, ASorbose, TALOQSE 


DiSAcchArideés cf be formed from wowosAcchmRides by 
whaT IS cAtLEd A GLYCOSidic bond beTWEED ME ConsTIWENT sucArs. 
Sucrosé \§ forned by combining fruetose And Clu cose: 


Jo 


GLUCOSE Fructose 
Cho 


H g 
Kn Cro, 
oH (a) CH.0H 
4 aa oH H 


OTher commOm DifsAcchfrides Are LACTOSE (found iw miLK)  MALTOSE ( 
IN SPfech), CELLDbiose C CeLLVLOSe). The Process of DIGESTION 
INVOLVES spuTTING The GLY COSIdic COX? GED) bond Awa POTTING The 
HYprecem bACK. Thus sucROSE IS reduced TO GLUCOSE Awd fructose, 
The eveYME That reduces Sucrose 15 cAULed INVERTASEE. The suftix 
“Ase” pevoTes AN ENZYME while he se Prefix DewoTES OWLY WhAT 

IT Does, 


WE hAve Alretdy Mewnonéd TWAT SsuGtHS Ser¥e AS A food 
STOTAGE dévice And The common form iS STATCh. STAYCh IS JusT 
A Tremendovs chain of Glucose Sucfrs Tied TOGEThEr bY The 
GLYCosIdic tet ge A Ci-4) bond, 1.) The | fd 4 Cicbon ATMS ATE bonded : 


STARCH 1S THEREtrEe A PorysAacchAride. ANoTnEr common Poly SAChArIds 
IS CELLULOSE. CELLULOSE IS The BASIC sTYUCTUrFAL TodL OF 
PLANTS. CELLULOSE IS Made SWoM GLUCOSE SimitAr TO STArch 

but differest IN THe bONdING. The bwd Is CALLEd A @ci-4) bond. 
ANd Loos Like 


e206 


CHOW 
A H 
0K ok > 
H 
4 on 


IF IS ThiS SEEMNCLY INNOCENT VaATIATION IN bondine TWAT deTercrines 
WhAT \S edible Awd IT IsN'T for MAN find ALL oThEY ANIMALS. 
Termites pow The oTher hfwd, hfve within Their oT A baAcTeriA 
CAPALLE of destroy ING The @t'-4) bond ANA Trust PEMTINnG 
ThEM Eft W 00d. Just Thwk if WE Could devetore Aw Entyme 70 
Destray CettuLose , LIKE A Cow, There wouldw'T be Aa food Problem 
TODAY, 


CHITIN IS AwoTner POLY SACchATIAE Similfr TO CELLULOSE 


forms The hfrd Shell of insecTS Awd 
Clo 


= Ot: 
Crus TA#ceans LIKE LODSTERS. 


CARBOHYDRATE METADOLISN 


Oné ChemicAl FEACTON OF INTErEST 


1S The CEdUCTION of PoLYsAc- 
Ch fridges 


INTO The SIMPLE MONDSACChAY Ides, This is The AcT ot DIGESTION. 


The first STEP IN The Process IS Phosphoro LYSIS oF The poly SAccharide 
wiTR The Prodvcnom of GLucos€-!- PhOSPhATE, 
ATP ADP 


GLYCOGEN 


G Lucosé - 1 - Phas Ph ATE 
Phosphory LASEé 


AN ALTENATE buUT EQUALLY PROBABLE reAcTnON @ INVOWES GLUCOSE 
Which 18 cCONVEFTED [NTO 


GLULOSE - &- PhOSPhATE 
ate 


AoP 


G LUcoseé Giucosée 6 PhosPhATE 
HEXOKIPASE 


The tins CEACTION OCCUrS COMMONLY IN AWVIMALS fd IN hiGheR PLANT 
TYPES WhILe The Seconds 18 Found BASICALLY IN MicRo ore AwisHs, During 


The reste Period of oreAwiSMS GLUCOSE IS Tae LhICH sucar ProducT 


of GUN toGeY , bur iw Periods of MUScULAT ACNVITY Fructose 6 PhosPhATC 


Appears IN PredomiINANCEe. Free fructose goes not Arise AS & ProdvocT 


of MEeTHRDLISmM buT When PresenT IN The diet Ch PariiciPpATe 
IN Tne SYSTEM Simicar 7d '@ LUCOSE 1, 


GUICOSE © Phos eh ATE 
AT? App 


FRucts € F ru CTOSE 6- Phos PHATE 
WE XOKIN ASE 


Fructose i, 6, DIPhOS PhATE 


The conVerSion of ATP INTO ADP LIBErATES STORED ENERGY ObTHNEd 


trom TAG SUN Throveh Photo synTnesis. IT 1S NOT AN GNRYME buT rAThe 
A fEACTAWT which SUPPLIES The &rercy TD FUN The raAcnons UP hill, 


PHOTO SYNTHESIS 


EVER? PLANT ANd AWIMAL ow EACTH FEPENAS ULTIMATELY, 
ON The ENERGY from The SUN TY SUSTAIN LITE. The Eweto? 
TRANSFER, however, TAKES PLACE IN ONLY ONE SPECIFIC PLACE 
In PLANTS CALLEd PLASTIDS. IN The PLASTIDS CArbon dloxide IS 
Extracted trom The AIR TomMbinéd wiTh WATER Awd 4NOfCANIC 
SALTS From The 80ib TO tom The BASic CATbohYdr ATES NECESSATY 
Sor Life To CONTINUE. For The complex Sucars @ be Formed The 
ENérey from The sun tS required. The dAésic PhoTOSYNThESIS Process 
CAN be fEePresenTed bY The followine for mvLA, 


nC + nhHro git CCH20)n t+ NOW 


Herve Tné sun's Emercy, hv, 1S CArricd be A PhoTon. The €xtACT 
WAY IN Which The PhoTON 16 Absorbed Awd CONVErTEd INTO A 
user form is efner COMPLEX, NIT TOO WELL UNdersTvod, And will 
be discussed LATER. IT 1S INTETESTNG TO Observe A Low burning 
Foy Theve You see The Above Process IN Everse, The COr And Heo 15 
RELeAse LEAVING behind FA SmArL Pile of ASHES, ThE INOVGAN IC 
SALTS, ANd Giving off heaT ww The thAmes which Hf IS yUsT The 
TeEemission OF Tre Absorbéd ErPercy From The SUN. IN AWIMALS fred 
PLANTS Tne reverse PTOCESS 1S CONTYOLLEd TO VUN Very SLOWLY SO 
we AS To Produce wftmth, Clon , responses, FTC. WG PLANTS Go Throvek 
Mme reverse ProcesS AT NICHT, 


PhOTOSYNTHNESIS OCCURS Throvch Tw? Basic Processes? ONE 
ThAT WOrkKS IN SUN LIGhT fAinld ONE THAT WORK IN The DARK, 
The LiGhT PHASE INVOLVES The PhoTO ELECTYON TRANSFER beTWEEN 
PhoTon ENERGY ANd A hich ENERGY Chemical SYbsTANCE ATP, ATP 
IS AN Nore ANIC COMPOUNd Which SE€YVES AS The béASIE DRIVING 
force Céwerey Source) To A LATCE NUMbEer of ChemicAL reACTIONS. 
ATP 1S MADE Trroveh A Process cALLEd PhoOSPhoryL. ATION 
IN Which HYDrocen 1S Driven off CEsTerificaAnon) by The sun's 
ENEfoY AMd Letves behind ATP fitd WATER. ATP, oR ADENOSINE 
TRIPhOSPhATE, IS CALLed A RéeduciING AGENT. IN fidditiom TO ATP 
A Second REdUCING AGENT IS Formed IM ASiMILAT MANNET 5 IT IS 
CALLEd = NicoTINAMIdDE AdeMINE GimucLEOTIde TRIPHOSPHATE, NABH. 


hs , 


Duvins PhoToSYNThesis NADP bea@mscS NADPH BY The ftdd inom 
of TWo h¥Drocen ATOMS. ONE hydrocew binds direcTLY TO The 
MOLECULE White The oTner Loses ITS ELEcTTON $ fAnd IS recefséd AS 
A ProTON CH*), tt 1S NADPH wrich Supplies The “ Ted UCING Power " 
tor MWe ixaAToon of cArTkonw dioxide. The Two BASIC TEACDONS 
CAN be summaArited AS 


nm ADP +t n' PB + nhy > y' ATP 


ZNADP + 2H* + 4hv — > 2NADPH 
Where The Protons Are GEenEerATed From The YEACTION 
ho — = O& + deo ea 


P: represemrs A WiGh ENeret PhosphaTe Grovp POs. Fina? 
Wher € COr 1S PreseuT The PhoTes¥yNThEsiS UNdEercoes The Second 
mMANor TEACMON, We cAN SUMMATIZE IT) AS 


2NADPH +t Z2H* tCO, —> UNADP + HOt CHO 
The WET TrEeACNON CAN pe wriiTren AS 
COr. +t Hr. O —_> CHzO + Ov 


FIXATION of CARBON 


|) Now wANT To TALK AbovT CONVErSIDN ot CAT bON INTO 
SUGAT. This REACTON ONLY OCCUrS AT KNICGhT. The basic 
TefAcnNON Goes LIKE 


COu t+ ZTNADPH + SATP +3H-0 ——> & hexose + CNADPT 
+3ADP + 3P: 

The ACTUAL reacnON 1S MUCH More cOmMPLEX Thaw Tis 
POACNON INdICATES. The refson for The Addi TONAL COMPLEXITY 
iS ThaT Sochr IS A MYChK higher ercyY STATE Thin COz 
And H.o SerArATELY. In Order To Form & sucAr AN ArddiTMOnW AL 
ENWeY cOrresPONdING TO ABDoT I% LIGhT PhoTONS IS REQUIFEd tor 
The TeACTION TO Go, QuawTUM MechAmitAlly The simul Mawcous 
UNION oF (2 PROTONS IS STATISCALLY ImMPrObAbLE NOT IMPOSSIBLE Thouch. 
Thus NATE MUST PUrsuEe A Cléver Coorse IN ordér T AcQviIre 
The NECESSATY ENEeTGY. The NExT PAGE Shows This COMPLEAK PRTh. 
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CARBON FIXATION IN |PHOTO SYNTHES|! 


3 phosphate 


3 PhosppaATE 
Sriyceric AKid P 


GUY CER ALA EhidE 


ATP 
CAR boxyLAsE 
EQuili brid ALG ELASE 
REA cTION ‘ 
NA NAGE 
H2 c-o -(P. — 
RiBoSsE C=o 
h, 5 | 
Di Phosphale} H C OH 
| DihypRoxy: 
HC OH ACETONE phosphate 
] 
Hz C-0- ® 
-O 
H.C © SEDOHEPTULOSE 
ADP > tidied 1,7 Phos PHATE 
Hoc H 
HC OR 
NeBe 
HCO 
H2.c-0- 
H —e 
ATP 7 H OH fees He ¢-0-® 
“o CH 
Hic fe) @ H C= 
H2COH H2COu | 
! = : SUCROSE 
HCO Ho P 
H aou HOt TRANS KETOLASE 
Hzco® Hoop 
RIBULOSE XYLULOSE MAIN PRopucT 


5 PhosPhATE 5 Phosphate 


of REACTON 


H2C-0-©) 
: FRUCTOSE 
ms 1,6 Di- 
HOC by Phosphate 
C.OH 
H Cc OH 
H,C o® 
H20 
fADp 
FRUCTOSE 
& Phosp hate 


IN words The PreceediING CYCLE IS THiS. FirsT, COrw IS ftdded 
To The S-chybow ribulose diPhosPhATe MAKING AN INTErMed ATE 
6-cArbow cOMPOUNd Which @VICKLY SPLITS IN TWO, FOrMING The 
Z-cAaroon GlYCEefAL PhosPhATe. This refcTION IS IN EQVilibrivM 
And CAN Go GiTner WAY, If There IS More CQ PresenT Tre retcnon 
will be forced To form more @LteErA’ Glyceryl PhosrhaTe, A 
SEV IES of YEACTIONS INVOLVING Sédo heptuLose Phosphfte And OTher 
Compounds Then PYTS TWO GLYERYL PHOSPHATES TOGETh Er TO 
For The 6- ‘Arbow GLUCOSE PhOSphATE , Metwwhilé FIibdLOSE Di- 
PhosPhOSPhHATE 1s RE GENELATEdD ANd IS Ved¥ TO TAKE oN 
ANOTHER COL MOLECULE. The EKYcLE IS rePEATEd © TIMES JVATIL 
Sucrose is Formed. Power TORUN Thid REACNON IS SUPPLIEd 
by Both ATP ANd MADPH. 


IN This CYCLE NATUTE BEGINS WITH fi PEwTOSE CRIbYLOSE) 
breaKs iT WTO A TVOSE bY First forming A hexose, THEN She 
has TO STRUGGLE TO PUT The Trioses bAcK ToGEeTmeéer TO torn 
fr PesTose. SiNCe 3 ANd S ARE NOT Mt’ Prime moLMPLES 
The course PUrdved represenTS NOTHING Moré Thhh A STPF¥Gole 
wih friTwmeric. However, ATTEY The FitTRH CYCLE PeWTOSE IS 
formed AGAIN So ON The SIxTh A LINLE ExTrA comes OuT- 
Twat UtTlé bit ExTeA 1S what runs Life. And Airc THAT hiftd 
TO Go IN WAS COz , HzO fwd ewerey! 


SUBSTANCES oF LIFE 


WE HAVE BEEN TALKING AbooT ¢tARboN Compounds Arid spaihcAlly 
CAtbohydraTes for The past few LecTures. There Are oTheR SYbSTANCES 
COMMON TO ALL LIVING Thines wich | WANT TO GO INTO, | CAN 
LIST The SoebsTAWces ‘IN The FoLlLowinG@ CATEGORIES 


* CARbBONYDRATES 
FATS 
PROTEINS 
» NUCLEIC Acid (RNA, DNA) 
* OMERS Eo, ProsTheTic Groups CNOM- Ewzy mes) hormones, 
VITAMINS, PIGMENTS , ALKALOIDS 

So fa we hve EsTHbLIshed A basic uNdersTArdING of how These 
KiNdS of Molecules under Go ChAnee. Hundred, Thous Arid, evev MILLIONS 
of TINY LITLE STEeps Are of Tew INVOLYEd WHEN GONG trom one form 
To ANOTHER. EACH STep 1S CATEFULLY CONTTOLLGd by A PARTICULAR 
ENtY Mes, WE LooKed AT ThE cArbon hxaTOon Process Ww some deTAIL 
And observed The comptemty of The Whore REACTION. The twat 
ProdocT 0s TAT YEACTON |, GLUCOSE | 1S FLAMER used ThrovehooT The 
bod¥ for various PURPOSES. IN The Muscles The GLUCOSE IS 
Converted INTO A LACTIC Acid PYeuvIC Acid, IN The Absence of OXYGEN. 
The PYRuvic Acid IS SUbseQuEWTLY BOKEN Down INTO carbon Cloxide 
Aud WATER. IN The Process AL LoT ot ewercy iS TELERSEd IN The 
form of DNPT Which INTUYN iS Téduced TO OP NH, The rédocron 
ProcesgS YELEASES Chemical Grercey Which tS Then CONVETEd INTO 
MECHANICAL EMERGY, ON The NEXT PAGE The Whol€ REACTION 
\S OUTLINEd. Mis 1S CALLEd The KREéws CYclé or The ciTric Acid 
CYCLE, CRITIC ACIS beINY ONE Of ThE KEY ProducTs formed ALONG 
The why. Acad The complenite of The Cycle Is APPARENT, 


The KREb cYCLE TAKES PLACE IM The MiToChyondRiA, PART 
of ThE CELL, ENEYMES ComTYOL The whole TEeAtTIOM As wE MIGhT 
EXPECT. Because ENZYMES 16, PfoTEINS, PLAY SYUch A KEY ROLE 
In Bidloey Mey fre Perhaps The most INTERESTING To Discuss, For 
ThAT REASON | AM GOING To QvICKLY Discuss FATS because There 
ISN'T Too Much To SAY AbouT Them - They Are NOT TOO INTERESTING. 


IT 


KREBS CYCLE 


CH DPNH Dpyt 
| 


> AcETIC Acid 


i 
COOH ’ 
SCLA Coz | 
OXALOACETIC 
ACID 
MA LIC 
AConimc 
[ ASPARTIC | 
ACID 
gid 1So CITRIC 
fees iit 


| 


OXALOSuCCc! NIC 
ACID 


SUCC) NIC 
AOD 
COz A- KETO GLUTARIC 
ACIN 
If Cae 
GLuTAmc 
ACID 


1% 


FATS 


FATS ARE INVOLVEd IN LiVING ThinGS PCIMATILY AS RAR 
AN Enercy Svppr¥@s boT Serve A SEecoWdATY YOLE AS A STructrAl 
SubsT¥WCe. FATS ATE STOREd IM Seorms Winch fire Less oxdized 
TAAM SucrArs ; Ther Are Tevs harder To BreAx down And yriti te. 
The Number of CArbhon ATOMS ASSOLIATEd WITh FfTTY MOLECULES 15 
offen TIMES EwOrMOUS. There Are however IN MOST LIVING Th)nos 
ONLY A SMALL NUMber oF tATS CompAred TO The infwiTe POSSibILITIES. 
IM The course oF EVOLUTION for Some reASON The MUMber of 
+ATS WAS LimiTEd TO About 6. 


ThE SIMPLEST TAT 1S A TIPLE ALCOHOL, AlLcohor ts Ant 
EsTer haAvine The GewerAt form 
C-9o> 4 


FAT 1S composed Of Twree such ESTERS 


IN order TO Describe FATS ALL THAT SB NECdOF IS TO Describe 
The various R'S. A Ty PicAL CxAMPLE IS PALMITIC ACID WHICch 
has AN R = CH3 (0 CH2)iy C OOH. The MoLecole IS LAID wwT IN 
A Si¥UCTULE SOMETWING LIKE 


He He de He He He He OH 
H3 He He OM We Be le He 


STERIC ACID 1S AWwoMeEer ExAMPLE of A TAT R= CH3(€CH2),, COOH, 
Ths fare Acimn consists of 18° CArDoN ATOMS AWHILE PALMITIC ACID 

has 16 Cfteons. AlLmosT AtL FATS Occurring in Mire consisT 
ot [6 And (8 cArboONS, There Are very Sew 14°20 And 22 

Carbon “FATS OccUrriING NATUVALLY. Of coorse Hote complen) 

SATs CAN bE SYNThesited 1S desires. The oTner parorAl SAys 

fre Oleic, Lindere, fnid LiMoLerc, UNSiourfited FATS fire oily 

fiud Are Made YUP of OLEIc ACID WhiLE SATU ed Fe7S fre 

Solin. 


\" 


IM The PreviouS TABLE SEVEFAL INTEFESTING rAdicALS Are 
worth BrietlLY MENNONING. CYSTEIN, ONE of THe SULFUR GrouP 
IS very REACTIVE FORMING WhAT IS CALLED A SoLFUR BRIDE, This 
Bridce MAKE IT PoSSibLE TO MAKE MOLECULAT LooPS oUT Of LONG 
CHAINS. The bonding LuoeKS LIKE 


NBe 
i ibe | 
E= C4 =S=-5-C€ —?e¢ 


PROLINE when PFESENT, PUT KINKS 1M The ProTEIN chin. 
The KINKS OCcCUr AR Fixed ANGLES WHICH DermNd ON THE 
ELectTricAL Forces. 


JHE PEPTIDE Bond IS RNOTHER WAY IN WhiICcH AMINO AtCIdS 
CAN YOIN TOGETWEr TO Form More COMPLEX PrOoTEInNS. IN 
This bond The cArboxy j0NS YOINS WITh ThE AMMONIUM (DN ot 
Anotner Acid And w The Process relemS&S wATER. Aw EXAmpLe 
OF This boNdING IS The toLLOWING 


i “ j 2? \ i nd + hO 
N-~-c—c + C—c = N—-C—c Pia 
N i) “WN iN 
Hu H ye A — L i a OH 


Proteins form by This bondimG ProceSs fre CALLEd PEerpTid ES, 


WHILE ALL 20 AMINO AciDS ARE ESSENTIAL for LIFE, IT 15 
NECESSARY THAT TheY ALL APPEAR {MN A PERSON DyETS. IT IS 
POSSIbLE To MAWUtAcTUreE The MISSING ACidS fRom EIGHT 
fond AMENTAL AMIMO ACidS. These ACIdS And The Minimum dfilY 
INTAKE required IS 


Acid LYS. RP PHE THR VAL MET LEU ILY 
INTAKE | GM 0B GS jot OAS ao) 1 lel 07 
DAY 
WHILE Fifi NEEDS This MINIMUM INTAKE, PLANTS ARE MORE Prepared 
For SurvivAL Since TheY CAN Mftwusactyere ALL The biftsic 20 Protens. 
Thus IT Ils Thal we EAT PLANTS ANd OTHEr AWIMALS TO ObTHAIN 
OUr OWM SUbSISTENCE, 
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THE Amino ACIDS 


NOME 
GLY CINE 
ALANINE 
VALINE 
LEUCINE 
ISOLEUCINE 
SETING 
Th REONINE 
CYSTEIN 
METHIONINE 
ASPArTIc Acid 
ASPATAG INE 
G LuTAMIC Ald 
GLUTAMINE 
LYSINE 
Arcimineg 


HISTId INE 


Phen YLAGANINE ' 


TY ROSING 
TRYTOPh AN 


PROLINGE 


ABBREY. 
, GLY 
ALA 
VAL 
Leu 
iu 
SER 
THR 
CYs 
HET 
AS? 
ASN 
Guu 
GLN 
LYS 
ARG 
His 
PHE 
TYR 
TRP 


PRO 


COMMONLY 
RADICAL 
1a 


Cu. -CHr -COOH 


Gu, <Cy ee 
L u° Nite 
CHre -CHe-Ch -CHe 
~ NHe 
2 NH; 
CH -CHi- CH. — ae SMH 
Hee 
th-c Paty 
SNuZ 
red nos 
he 
—* 
Ho 
Hc @ NH 
Ch, = ¢ ! 
pi "er Y 
W Cc 
eee. = 
- CH CHe 
\ I 


COOH Cy,~ CHr 


L\ 


OCCURING IN PROTEINS 


» HYD ROPhO bic 
QO= LIKE Hero 
1 like Haid 

°o 


oO 


CHARGE 
O mevtraL 
Le} 
ie) 


o 


PROTEIN 
PROTEINS ARE ESSENTIAL CONSTTUENTS oF ALL LIVING CELLS. 


IN ALL SorTS of SPecIAL Thines LIKE hAir, beaks 
Muscl& | Tendon’ And ALL The ENZYMES, There 15 A Tremendous 


They fre found 


VAYIETY of ProtTeis MOLECULES EVEW wiThIn The SAME SPECIES 
differences or SPECIALIZAMON ATISE, E.G. ANTI bodies of DitterenT 
PEOPLE CAN TEACT NEGATIVELY 


White The VArIETY of ProTEINS IS TheoreTicALlLY “LimiTLESS 
There Ave owlY A SmALL FANITE Svb GrovP APPEARING im NATUCE. 
ThE MAJOR boilLdinG BLocKksS of Proteins Are Amino Acids, Amino 
Acids ATE orgAmc COmMpoundsS hAVING AT LEAST ONE AMINO GrouP 
ANd ONE CARboxYL GrOuP, ThE Amino GroUP IS ComMMONWLY ATTACh &d 
To The cArbon ATOM IN The CARboOKYL Group. The GewerAL FormolA 


For The Proreins tS R 0 


| Mf 
R —CHCoo oR NR- C7 Cc 


by Soy 

NH3 
R represeurS A-ere AVY ONE OFAGTEAT VATIETY of STrUCTURE. 
CATEGORItIWG PROTEINS jg ACTUALLY vusT A Listine© ot The 
VATIOUS YAdical Groups. When R IS AN Acid Then we Are 


dERLING with AN Amino Acid. E.G It RzH Twen The 
ProTEIN GUYCINE IS formed. 


Mow There IS A varieTY oF AMINO ACIDS from Which 
ALL MftturAUYOCCUrING PTOTEINS ARG MADE. THERE ARE Twenty 
of These AMINO Acids WMWich ATE bASIC TO ALL LIVING TnINnGs. 
The NAMES ANA ChArACTErISTICS of These 20 Arno Acids 
IS GIVEN ow We Negt PAGE. THE ELEcTriC @ChARGE ON ThE AMINO 
Acip INFLUENCES The ProPERTIES MARKEMLY, The chfrce Arise trom 
The base-Acid Structure of The Aetts AMINO Acids, 


).2- 


PROTEIN STRUCTURE 


ProTeINS Are Made vp ef 20 AMINO Acids Which Are 
AVTANGEd IM LENEAT Sequence ALONG A PoLYPepnde ChAIN. 
RecALL Tne TYPICAL ChArACTEY of ThE Amino ACid WAS 

i 
InN -— C- COOH 


| 
H 


Where Ris one oF TwenTY AmINO Acid CESiduES. The resoLNne 
ChAIN Ther Looked LIKE, 
fo) 


rare 
Be a al a a 

R | u) | 

4 ) 


THYOUG RH X-FAY AWALYSIS TEChMigues The structure of 
AMINO AtidS hay beer idevT ified. The Essential FeATUrE of The 
PepNde LINKAGE IS OWE of A PLAWAr ContiGurATION. The 
DIMGSIONS Awd SPACINGS of Me Poly pepTidé Chin IS Given 
As follows: en ae 

) R vit 
i | ee tro° 1 Ya0e 


\ 
8 bre Cc a ee Poe 
Ke yon A JP ws 


(172 


joe 10 H C l 
Si | ] R" 
‘al 


727A = 
ThE bond SpAcinGs ANd ANGLES Are deTEYmined bY EwercY consider- 


ATIONS ONLY, The mosST STADLE CoNficoTANON 18 pLANAT of NEfr pLANAT, 

For The exTendéd Po. Pepmde ChAtins AS Seen Above The PeperiTION 

oF The bowd Avcles And SéparAmOns pLUS The MinnmuM Gee ENE? 

CONSTYMNT SUGGESTEd FF hicghLY S€MmeTric STrucTUrE. “PAULING 

SUGGESTEd A hetical structure fd he wWhs fight. However 

There ws MO PEASON Fo Suppose TnaT There MUST be An INTEGIAL 

NUM ber of Amino AcidS per TUrn of The heiix Thus While The 

basic heLicAL STY¥CTVrEe 1S PRESEFVED The HELIX IS SOMEWHAT COmpLICATEd. 
OF The MANY Possible Structures of Amino ficids ONLY Free 

Three survive: namely two TYPES of PLEATEd ShHEATS And 

ONG HELIX , CALLED The K- HELIX. 
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The PLEATED SHEETS fd A-HELIX 


The TWO PLANAL CONHEULrATIONS of POLYPEPTdEe ChAINS 
Are Cftled The pleated SheeTS find (y- KErATIA. The 
PLANA GrouP C-~ CONH-C 1S LINKEd TOCETHNELr About 
A TETYA Hed TAL cA bow ATOM. ONE WAY SICh Am OCI GUTATION 
Cord occur IS Whe followine: 


A G- SHEET ( RESIdvES 
R Pa: h ANG UP md POwn), 


, * HyYDroG Een TBONdAS ARE 
we, ‘i SrtowWN DASHEd 
S 
ie 


The PLEATED ATYTANGEMENT Shown rere Gives mise TO A 
LAYETING ATCANGEMENT WHEN Tne Chins dre STACKEd TeGceTher. 
The ChfpnS “AY be either PATALLEL Or AnTi- PATALLEL SeQuences 
of Amid AtidS. THERE ATE A NUMber OF POSsSibLe ATrANGE MENTS 
of AMino Acids EAN SCIVING MISE TO A DifFerenT subse. 


For cxAmple INSECT Fibres LIKE SILK IS A PLeaTed SheeT 
MADE of AMTEPNATNG Amino ACid Groups + GLY -SeR-GLY-ALA-GLY-ALA) 
The bfsic Structure resuLTiNG IS 


adn ola 


THE G~- WELIX 


The SYSTEM of PLANAT GYOUPINGS WAT MAKE up POLY pepride 
ChHMNMS MAY be POTATEd AbovT The a&-cATWOoN ATOMS. If The 
YOTATTION From PLANE To PLANE 


iS CONSTANT A NELIx PesuLTS. 
IN MWe hevicAL STruocTvrEe The 


C=O fwd N-H Croups Pfrnci pate 
IN AY Brocen ponding which fire Te IMIY# ChfAin bond. The 
dimensions oF The Heux Are: 


ROTATION beTwEeen YesiduvuecsS 


97.2° 
RESidves Per Turn 3.09 A 
TYANSLATON PER FfESiduvEe 1.474 
N- it direcnonm Wom AKIS wz? 
HELIK PAdIVS SIA 
N-H-O fnere io” 
PiTCh S.44A 


The NUMber of fESIdvVES Per TYURM 


IS NOT INTCGYAL SO 7 15 
Poss}bLE TO tind 


4% fesidves in '3 TUYNS, II feidves 


in 3 TUrAS, 
iS residves iw 4 Terns 


or (8 residves in STUYNS. he repeaT 


distance of 1-S A AKIALLY WAS PredicTEd Pd fo0nd IN hérr, 


Muscle Fiber ANd Nemoclobian. 


However NOT ALL GLObYLAY 
PYOTEIWS ATE MAde oP 


p IN pT OF K- heeices. 


A- KEYATIN 


The & HELIX UNITS Form 


LONG Thin FIBERS Which 
CAN IN Torn 


WAP Around EAChOTHEr Fre To torm ROPE — 
LIKE S$TrucTUYTES of VATiOUS STYARd NUMbERS. TW? STYANdS 
ASSemblLyES ATE Simit Ar To MWe structure of DNA While 3 

STY ANd S 


SINGLE 
STVAWd 


= 
; LARGE 
PitcH 
ir ANGLE 
Sy LL ; 
PITCh Ay JGLE 
ia 


D dQuble 
STV And 


AS ThE K-hELIX STrAnds Wind Around EAChOThHErC They torm HELICES 
WiTh LATGEY PITCH ANGLES TYPICALLY ON The ordeR OF 200 To 400 
A with & difmeter of JOA, IT 18 Possible TAT AS MANY AS 
Six of heticAL &-hevices MAY be wound Around one SITAIGHT 
HELixe to Give A Sevew-STVANdEed CALE. 


The’ structure ot K- KELATIN beoiINS ThEeN WITh 
These STrANSEed CAbLES CALLES ProToti brilS comtNa TOGETHER 
To torm WhAT 15 cALLEd A M®& MicrofibriL. The Microfibrit 


SructTvreé LooKs LIKE 
Miter promo fibrils 


Where 9 ProtoFibnis sutround TWO CENTYALLY orienTGd Prototibrits. 
Further bundince of HicroFibriLS INTO CorncAr CELLS (MAcrotibriLs) And 
SUbSEQUENT LuUMPING of CORTICAL CELLS INTO Wool FibeR or Hfir, 


THE 9-2 cComBINATION Ig VErY COMMON to A LoT of LivINGY 
Thiwes. The Whip LIKE TALLS of- sperm, The FLAGELLA, Are 
BASICALLY 9°72 Structures, Thus iT 1S ThaT The protein Kerann 
1S BASICALLY common TO scales of Fish, Hhir, feaThers , Horns, keots, 
bEeAKS CLAW S , And fineer Ais. SKIN IS Strone becavse IT WAS 
A Lot of KE CATIN. 


COLLAGEN 


Anothe PROTEIN building Block 1§ COLLAGEN. This Abrous 
MATEVIAL 1S Found IN CATNLAGG, Lichments tendons fd In The 
Clone MATERIAL Fibrinocen. The basic COLLAGEN Structvre 
CONSISTS OF A 3-STRANd ProteofbriL WiTh A LetThanded piTch. 
The LeneTh of The ProTohbrit 1S AdOVT 2800A With & diameter 
of Abour 10 A. The fibrous MATEYVIAL IS wound TIGhT doéTo 
The Presemce of HYdro Provene wimch Mhrows A LOT of KINnKs 
IN The Windinegs. 


Lb 


GLOBULAR ProTEINs 


Anommer basic PreTéin structure IS The Goboly Protein. 


TWese bALL LIKE STrUCTUrES hf ExhibiT A Tremendous VaArieTY ANd 


And Meretore Quite wreresting TO STUdY. EXAMPLES of GLO bulAr 
ProTEInS Are Hemocrobin, CiTOChromeC find LYSOBYME, The 
INTEFESTING Thine AoooT GLObuLAT ProTeimS iS ThAT They hve been 
Tnotovehly ANALYtEd ANd The Amino Acid Sequences ftRE KNOwnN 
EXACTLY } Evew The SPATIAL STructure 18 WELL KNowN. 


HEHOGLObIN, for insTANcE, CONSISTS of Two Chaims of & fwd 
@ hevices, MYoGlobin 1S SimicAr TO HEMOCLObIN buT ACTS 
AS AN Ox?cew sTorAce cComPATTMEesT RATHET WAN AN OX? een 
CAYMIER LIKE nHEeMOGLObDIN. MYGLObn 16 found MAINLY IN The 
MuscLe Tissve. The COMMON ELEMENT To BOTH of These ProTEWS 
is °°'HEME, The formutnm for Heme IS C3yqy Hse Oy Na Fe Ad 
The stvucTvyre LOOKS ULUIKE: 


CH2z 
1 
CH CH; 
/ *S, 
Cc CH a 
et Qc rai : Ys i ; 
oS | J a 
H3 = Seal ae “a 4 
if i \ ~S 
CH ae eu CHe 
a - 
CH3 C—N HM =e CH; 
2 ee al | | Se 
é a ee ae 
ie. - te a 
C7 ™N eT C. 
| I 
CH, CH, 
| | 
Cre ‘ Cur 
| i 
& =0 C=0 
| [ 
OH OH 


Lt 


ThE TING STYUCTVULE Ane Me IVON ATOM IS CALLEd A 
PorPhin TING, 

One of The chemicAL ProPpernes Of HEMOGLOBIN fwd 
MYeGLobin oF INTETEST 1S There OXYGEN CATTTING CAPABILITY. 
PLOTTING Tne “Jo of oxyeew SATUCATION VETSUS Oyycen Pressure 
The fesoLTING Curves Ae 

100% 
Lo of Oz 
SATVUI MON 


et 
SJVemIGL ObIN 


OQ. PRESSURE 


“BeEcAUSE Or 1S Bound Fo HEMOGLObIN IM f MOTE CoOmMPLICATEd MANNES 
Thi MYoclobin The curves Ate di ftERENT. 


HEMOGL®bin, IS MASE Up of ACTVAL 4 PepNde ChAINS: HB, 9d 
And Y chains. The Later 0 cha is referred TO AS FETAL 
hemoclobin Which WorKkS T pick vp Ov trom Tne Mothers blood. 
Because of variaTions IN differences SPecies The 4, 8,8 fd OT chaws 
PEE CONSIST OF Ufrri0Us ANNO Acids, Thus hemoclobin CAN be vied 
LiKE CyFochrome C TO Cowstrocty Aw EvVOLYUTIONATY TEE. Tne forLowine 
TALE LISTS The VATIAMAYS IN AMIND fAitid PMSIduES 


Horse K Hom & Horse [3 um AN @ Homan § human T wWharenye, 


14 | 141 146 146 146 146 
HORSE & fe) ig By 8b 87 87 
HUMA O 18 ce) 87 8y 8S 89 
Horse A 84 87 fo) 25 2b 34 
Hunan 0 Sb 84 (X5 © )o 39 
Huntin 5 87 8Y Uz iO 0 41 
Humfin of 87 8S 34 39 Al 8 
Whale MYO ee) Ws 04 7 118 (21 


is 3 


ilg 
115 
Vig 
117 
1g 
12] 

7) 


We can LEAN tpom This TALE TWAT The & ANd @ chains 
SEPARATEd IN Evolution BEFORE The Horse find HOMAN 
PAYSICALLY SEPATATEd IN AW EVOLUTNONATY, SENSE. THE ASSUMPTION 
Mfitde in DCAWING THiS CONCLUSION IS THAT IN TIME More 
Amwwo fAcidS MoTATE And ACCUMDLATE, OF COUrse This 
STRICTLY True hut 17 DOES PErmMT 


Ary tree > Henin Horse ya 
WWALE se) © 6) ‘ Humana 


is NoT 
VS TO D&AW ThE NICE “EvVOLVTIN- 


TIME 


MYO GLO bw C) temoelobin 


2 
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CYTOCHROME C 


ONG EN27 MATIC PROTEIN Which we hAave discussed 
before uf CYTOChrome C. This metmMe APPEATEd IN ThE 
CArbow fixATaom eycege. ITts Basic STrucTyuce tS NOT KN wn 
Too wet beT WTS chemostry Ava funcTOW CAW be described. 


This eweyme Appears in ANerobic SEACTIONS Ci.2., Those 
DoT )NVOLVING emer ox¥Gen). The PRIMACY Pur POSE Of The 
Ew2yme iS To SPeeEd Yp The CFEACTION bY S&fVING AB AN 
ELEcCTTICAL bridGe To PASS ELECTTONS dowN The reAcnoNn 
ChAIM. In ESseNKE ITS presence ACTS TO Lower The path 
TESISTANCE fitd MALES The whOLE Process GO FASTER. 


INTErMAL TO The PrOTEIN IS AN If0N ATOM WHiIch Supplies 

The NECESSATY ELECTTON AS ITOM MAKES A TYANSI TION FRom 
Fett To Fet?+. The iron ITSELf APReATS IM The CeNTEr of 

AR porphyrin TING. There Are fe TOTAL oF IOS Amino Acids 
IN CYTochrome G. ThE Ammo Acid = PATIErR of cY¥TOchrome C 
hAS bEEN worked OvT for A Number of SpEies ANd The 
differences poTéed. Fee Because NONLETWAL CYTochrome Cc 
MUTATIONS Are TARE TRACING The differences trom one 
species TO ANOTHEr Provides INTETESTNG EVOLOTNONATY PATH. 


Ir has been toond THAT The GreaTEr The SEPATATION 
of The SPEciIES jN The EvoLuNNATY Scheme ,The Greater The 
NuMber of differences iw cyTochrome ¢. for Exfmpee, The 
Cytochrome c ot maw aitterns Svom MAT oF The rhesus 
honKeY DY ONLY ome AniwOo ALidD, ~w The ENTIVE ChADN. 
BETWEEN Man fd The TWA fish Tnere Ave 28 difterences, 
And of AYEAST cere MELE Are 48 di tterences. 


BY Obsey VATION IT HAS bees Theorited MAT The FATE of 
CYTochrome @ MUTATION 15 AbouT ONCE Every lo” Years, Usiwe 
This ASSuUMpTION EvoLyTIONATY TYEES CAN be drAWN Which SuGGest 
THE GFEN GENEFAL Trend Of EVOLUTIONS E.G 


MAN 
ComHon 
BEGINNING 


FLY 


THE STRUCTURE oF NUCLEIC ACID POLYMERS -DNA And RNA 


WE hive YeT TD DIScusS The whole INTEPESTING SObVECT oF 
Nucleic ACDS. The essewmAc inGredienTS tor Nucleic Acids Are 
SUGAr, Phosphoric Acid, fwd PUring or PyYriMidine bASES. of ALL 
The Possible CombinAToNs of These Chemical SUbsTANLES ONLY 
Four basic buitdiwe blocks Ave ATTACHE, TO The SuGAr - Phosphoric 
SsTyuctvre, Depardiwe on Tne Character of The sucAR find ow The 
Presence of UVACIL iw PLACE Of Thy miwe two KiWdS of wucleic 
Acids Are SEPATATEd — RIboNUCLEIC CRNA) Acid And DEOKY ribo wucléic 
Acid CDNA). 


The structre of The noccerc Atid has A component omiIT 


Which (8 QUITE ANALAGOUS To AN AMINO Acid ww f& PepTIde LhAIN- 


Which IS - 
BASE - SUGAR - PhOSPHATE 


The LinKAce of These YNITS 18 bY The PhosphATeE To Two SOGCATS 
In FH STEP WISE PATIELN 


BASE - Buen 
Phos? hATG 

BASE — ae 
vansenité 


The Combwatnon of The SXGAT WITH The PhosphATE term Wh~AT IS CALLEd 
A NUCLEOTIDE. IT IS LONG Chains of These NUCLEOTIDES ThAT 
Make vp DNF find RNA. 


THE Two BASE Structures fire Ribose And DEOKY Ribose ; The 
LATEr TiboSE MISSING ONE OXY CEN 


0 0 
H CH.OH ¥ 
re. i 
on ah al c. < 
INd_ Sau a eae, 


OH | C-C 
OH Ou H on 
Ri Bose DE OXY RIBOSE 


J\ 


THE S imPorTANT bASES FALL INTO Two CATEGORIES — 
PYrirnidine or POrinE :! 


PY RiMId INES 


CYPDSINE (Cc) THY MING CinDesa) CT) UrACIL Cw RWA) CU) 
e O re) 
ae I 
sil Yeu CC : 
| z 
rae. i Cs HN ‘en 
N C. ai , GH 
H O 4 
PURINES 


ADENINE (CA) GUANINE CG) 


Nie O 

. i 

C Me 
n* ee N ei 
te Non InNC ot 2 it 

Wo Sentot 7 N 
N H 
net 
DNA 


The MUCLEIC ACi\d 1S | OE Perhaps, The SINGLE MOST 
IMporTANT Chemichl Substance IN The Livinc ceil. Found 
PredomiwAnTLY i The NUCLEUS The LONG NuUcLEoTIde Ch fin 
hAVCNG MOLECULAR WEIGHTS IN ThE MILLIONS. The SrcaTesT 
of DNA 1S Iw-ITS AbiLITY TO REProduCcEe ITSELt. The Method 
of TEPMdUCTION IS beter UndersTood by LookKiN©® AT The 
SPec\fic structore of DNA. 


gL 


The DETAILS of ThE coupling between bASE SUCTR, 
And PhosPhATE IS Given 


IN The foLLoOWiING REP CESENTMMVE 
AV CANCE MEenT Cc 
CHz 
JTHYMINE * 
fo) 0 CH 
H 4 s! 
NC \)/ 
ace Sy J PhosPhare 


a 


DE OXY ribose 


ope ae 
an’ Nou fl ’ OH 
oe J Nex se Phos PHATE 
rn? \y | 
GUANINE 


The bASES ATE ATrANCED So TWAT Tre form hrydrocew bonds 


beTweew The face of AY NH Group fn The Neernve Tice 
of C=O croup ; For GUANINE And CXTOSING Tnere Are 


& bovdd PorwnTS Awd for Adewne Awd ThymMing only Two. 


THiS bondin&® GIVES TISES TO fF DOVHLE heLlicAr 


Where Two |NTETTWinegd 
STYbLE STrucTuré. AN 


Arr AN GEM enT* 
chhmhws of DNA form A hiehty 


IMPOrTANT poinT 'S THAT ASE 


bETWEEN GuAnine fwd CYSTOSING Add 
peTWEEN ThyYMINEe find AidGwiNe. Tne bondine©® 18 Shown ON 
MENEXT PAGG: 
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Dond inc owlyY OCC urs 


adenine 


guanine cytosine 


The adenine-thymine and Suanine-cytosine base pairs used 
to construct the double helix (hydrogen bonds are dot- 
ted). The formation of a third hydrogen bond between 
guanine and cytosine was considered, but rejected because 
a crystallographic study of guanine hinted that it would be 
very weak. Now this conjecture is known to be wrong, 


Three strong hydrogen bonds can be drawn between 
guanine and cytosine. 


The FESULTAWT “DoOUbLe HELIX LOOKS LIKE The foLlLowimwe 
SCHEMATIC ! 


349A 


a * ae ss 
ane 
ay | 


A schematic illustration of the double helix. The two 
sugar-phosphate backbones twist about on the outside 
with the flat hydrogen-bonded base pairs forming the 
core. Scen this way, the structure resembles a spiral stair- 
case with the base pairs forming the steps. 
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DNA REPPODYUCTION 


THE Double 


SPITAL sTrucTure of DNA has very 
PrACNCAL And 


INTERESTING ProPEMES CONCEPT NEd WiITR 

INfor MATION STOTAGCE And rePricATON of Genwenc MATETIAL. 
| wiwT TO FrsT DiscusS The Dupri cAMOM Process Tren "LL 
DiScuSS The NATvre OF The CENETIC CODE, 


IN Tne Presence OF AN ENtYME CALLEd DNA oe The 
hydrocew Ronds Are SPLIT STAYTNG AT OWE ENd OF The 


Chin. The DNA MoreculAr LIKE A TIPPER, STATS TD PEEL OPEN 


EXPOSCNG THE MILLIONS of LINKS ,t. BASES. BECAUSE The 


DNA MoLlecuLe 1S IN fF BATH OF ThE NUCLEONMES CONSKTING oF 
A,¢,T,4 id C he Exposed bases AVE PhiIred Up WiTh The 
APPYOPCIATE bASe KE. G@ TO C ANd TT70 A. The New NevcLEoTide 


h?dvoGGw bond TO The TEMPLATE. ThuS The Process Conrnoves 


UNTIL TWO IidewcAL DNA Molecules Are formed. Thus To s?rmasite 


TONA you Need TO STATT wiTh Some DNA mix IN SOME NUCLEONGES 
And ATP, TTP, GTP, or GTP ANd Add A CLITTL6 DNA aoe. 


The rATES of TEACTION ATE INTERESTING TO EXAMINE, IN 
The bAcTErium &.cobe 8x10 Gm of DNA IS SYNThWESIZEd IN SO 
MinUTES , THis EQuiVAL@T To § x10? NUCLEOTId ES DbEING tasTened 1 


PLAC per SECOND. BASEd ON FANDOM CoLLISION 
iT 


i) 


CONSIDEr ANIONS 
ls CONCLUdEd TWAT Tne SYNTHESIS MUST occur AT LEAST 


pLAces SiIMULTMGOUSLY, A More TeRSONAbDLE fSsumpTnodNn 
would be WAT About 100 ENzYmME SYSTEMS Are Ewoneéed W 
NUCLEOTIDE POLYMERIZATION AT A TIME 1. cach CITE hANdlinG 

50 MUCLEOTIBE Per SELONG. ON A Time BASES IT IS ESTIMATEd 

THAT GACH bre IS LAID CorrecTLyY IN AbovT 2X10? sec, Considerine 


The pisiince% between Nelehborine NUCLEONDES  AboUT 3.4 A aS beiwe 


Ty fverses iN 2x107'* sec the resuLmNG vecoLiTy of I. TK 0° cm/sec 
Prodvce$ Am veeet unrenlisnc Ewere? JUMp of 9 x107eV, Thos 


\f Me process of BNA SYNTHESIS wvoLvES A conTNVOUS bomdsrdmEenT 
by four NEGLECS IDE TYI PHOSPHATES, WITH A chAWoINn & Specihe 


SELECTION, The specd OF ChfANnce requifed To AWdId SeLecTnON 
oF Me WONG BASE IS 50 AIST That IT CAmNOT be achieved by 
A PHYSICAL TYMMSLANON Of EI1TMEr The Primer or The ENZ7M &. 


3b 


AlSo WoRTR NOTING 18 THAT The DNA Chain cANNWdT 
UNCOL AS IT IS BEING Sprit APATT bechose THis udcoiLine 
wevtd reQovoire 30° per bASE of roTAMONW. TO oO This IAW 


* §ec. TEQLITES AW ANGCULAT VELOCITY © 2%. S £10! Aad/s ec 


Lei 
iT IS Concluded 


And f& COTATIONAL EvNeroY of 2 KIOSeV. Thus 
Mat MULTIPLE & CITES Of DNA repLlicANON MUST occur 
Simo LTARNEO YSLY, 


if Durine reEPproducnon one base GETS Screwed UP 


Ark DOES M@ NOT Contr T The four tundtmavTAL bASE TYPES Then 


fr MuTAMNON WAS oceurred. One ANOMALOUS bfse pair IN SeverAl 
MILLION $s sufficiest TO ChmhW Tre ENTITE mMessfce ON The DNA 


MoLecne, If THe CELL CONTINUES TO Live And The DNA 
REPLI CATE The New TEMPLATE Tne MUTATION IS NON-LETHAL. 


a 


GENETIC CODE 


So faR we hive TALKed ffbour The structure OF DNA bul 
we hfven'T SAID TOO MUCh Aboud how IT YEALLY ACCOMPLISHES ALL 
of (TS WonderfolL woOrK,.¢, of Providinc The Archi TecTurAl PeAWs 
for MAKING specific PFOTEN MoLEecULés. IN order To build A 
ProTeIn The DNA MOLECULE MUST SPECIFY Which bLOCK Amino Acid, 
Gow w PLACE AT A PATTICOULAT TIME IN The CONSTLUCTION. SINCE There 
Are Lo BASIC fmino AcidS The praws MusT be sPecitic. If There 
were 20 differenT basic UmTS IW The DNA MOLECULE , The Problem 
would MOT be So difficulLT to UNdErstind. However WE KNOW THT | 
There ATE ONLY 4 NUCLEOTIde DASES Which CAM FATY. ThuS IT begomes 
NECESSATY TO RDEHNE A COdE : cowsisTING OF 4 LENECS AWd 
CAPAbLE of UN QuelLY SPEcify ING feur 20 differetT AmMinodids. 


Aites some TnovehT IT IS TeALited TWAT if The 4 Lemrers: AT, 
G fyd Cate TAKEN Three AT ATIME Then There Are 64 (4x4x4) 
d\fferenT COMbinAMONS POSSIbLE, Thus A NUCLEOTIdE TRIPLET 1S 
A Word IN The code Specif YING The A PATICOLAY ArmiNO Acid. IN 
PAdd\TION To The 290 Amino freids | There Are céduNdAwT words To STOP, 
.£., To Terminate A“ SeuTEence” of fmwd Acids. PresewTLY IT 1S NoT 
KNOWN \f Twere Ate ANY STATT WOrds. BoT Given The 64 combinaTiOs 
find rovuehlY 24 NECESSATY Words The codé cAw bE Specified AS 
Fouvow $ 


aoe ee ——— eee — 
First Second | | 
Amino Acid Amino Acid <a U ‘a A G 
eee = ———_ Se —— does 
3Pd A.A. 
| Phe Uore SEY (ALL) | TYR, Uore CYS orc 
U Ley AorG Pee er Xx A 


[ | 
Ee Ley ea | PrOL (au | his Worl Are Aur 
Cc l4¢dro | GLN hore 
A | [Ley “ca Thy (All) | Asn Uorc | SE¢ Uc 
| MET G ee LYS Rory Ats AG 
| acme 7 5 oes = = a). ) - 
G | VAL | 
( ALY ALA cA) | ASp Uorc GLY , ALL 
| Gly Aor 


X DENOTES STOP 
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Note he codé tS NOT TOO SEWSITVVE TO The Third base. 
In MANY CASes Ant ONE OF The 4 bases wilt Produce The SAME 
Amino frtid. Thus The Code hAS ff NUMber of deceveraAcies. As 
An Exfmple of The code A SeemenT OF The DNA MOLECULE MIGhT 


vee /AGT/¢ CAGGT/TAA 


Which IS S EViNe - Proline - GLYSING - STOP 


AT PESENT The CheHigAL PELATIONShip of The LEMERS |.8, NUCLEOTIdES, 
TO Thefmwo Acids 1S NOT KNOWN, PERHAPS The Chemichl Propernes 
OF The VATIOUS AMIND Acids SUGGEST WhY Jone ARE double codéd 
ANd oTers ARE NOT, AlSo The Quesnon oF how The code Evorved is 
OPEN. IT JIS KNowN That The Code IS UNIVERSAL ThrouehouT The 
SimpvesT fivd MOST CompLeA PLANTS find AIMALS., Therefore , The wdé 
husT NoT hfive EvolLVEd beyond A ITS MOST EAVLY Fforn, 


PROTEIN SYNTHESIS 


Now we would UKE FO undlersriind how ProTaNs fre AcPALLY 
SYNTHESIZE A VSING ThiS Code. FirRsT ThE DNA Does NOT MAKE The 
PYOTEN DITECTLY. ThE DNA MOLECULE IS ONLY The bLUEPTINT 
OuTsidé of Tne NUCLEVS IN The CELL CYTOPLASM Is The Protein 
MANOSA CT UTING fecTor?, To GET The DNA bLverrinT TO The Factory 
A messeneer iS Féequived — Tus IS RNA. ConceptvALLy The STEPS 
Are Tne toLLowING 


Five EEROX COPY TYANSTER = MftNutACcTUre 
DNA -—_> RNA — PROTEIN 
Sa ic 
MUCLEUS CYTO PLASM. 


Now we héve To KeeP sur WITS becuse There IS No JOST 
ONE RNA mMoLecULe bul WSTeHd Three SEPARATE TYPES! MESSENGER, 
TRANSTET ANd RIbOSOMAL RNA. PIESSENGER RNA , MRNA, AS The-wine 
iMpLi€s HAS TWE DNA M&senGe oN’ IT. IT IS) fF SINGLE STRANd 
MoLeEcvLe ANd 1S KeNTICAL To ONG hALE Of The DNA MOLECULE 
From which iT wld forms - aifferinc only IN The Presence of 
The DASE UIACIL INSTHd of TRYMING find Phe dd ITIONAL OXY Cen IN 
The S¥@AR. The mRNA IS MUCh SMALLER Thaw ThE DNA MOLECULE 
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Thus iT ONLY carries PART of The TOTAL DNA MESSAMGE. 
Tre mRNA TANScribes The DNA | NforMATION DURING A 
Yefidine Period Whe The DNA SPLITS IN TWO LIKE IT IS 
GONG To DUPLICATE ITSELF DUT Doesn'T. he readine Process 
leookS LIKE The PLLOWING 


DNA DNA “mRNA 
AT ~ A A- 
TA - + A- 
Comal ce Cc— 
aR iw? ae 
CG C G&- 
AT Ei U- 
CG ae ae 
CC i= Gos 
Cc ¢ I- © 1 G- 
I 
MRNA DONA Teyperie 


ThE Ribosomal RNA IS NOY WELL UNdERSTOOd AT The PressenT, 
IT IS INVoLVed IN The Ribosomes, PART OF The cEeLL WheRE PROTEIN 
IS MADE. Ribosomes frre AbouT 200A IN SIZE And ATE TrrouchourT 
The CYTOPLASM. RRNA IS fi TELATIVELY PefmAWwENT STrUCcTUrE 


TRANSFER RNA TRMA, 1S IMporDAST IN Tne PrOTEIN SYNTHESIS 
Process becavse ATAChed TO ONE End Of The TRNA IS ONE of 
Zo frino frcids, Also & PAT of The TRNA IS A THIPLET “code” 
Of 3 bASES wWhichaAre cHPAOLE of SSTHbLISHING A Hrm FeLANONShIP 
wiTh Three complementary bfises oN The MRNA. This LANES ferre 
MAKES \T POSSIDLE To ASSIGN We APPropriATE Arno Acid A PLACE 
IN The POLY PEPTNdE Chfhn AS IT 18 MAde, ThuS There Are 20 
different Kinds of TRNA, ME Structure of TRNA ConsisTS of 
About 80 bases, formine A hAirpiy Which 1S Twisted To torm & 
SMALL DOUBLE HELIX WiITh 4 GrcAT deAnl oF COMPLEMENTARY bASE 


PMCING LormINn ITSELT, Aminy Acid 
ico A 
The PARTICOLAR Amino AcidS ARE ATTACHED ji 
To TRNA Tnrovch A series oF STEPS EACh wh 
Gy 
STEP BEING CONTIOLLEd by A PATTICULAR ENEYME, 1208 
& 
The Sch Me cur VYENTLY PMP 28Ed is frS Follows: “ 
AAA 


A) 


AA +t ATP TENZYME —>E(AMP-AA) + PP + 


TRNA - AA +E tAmP 

where AA = Amwo fAcid 

ATP = Adewwe Ti PhosPhATE AA ww POTEIN 

AMP => Adenine Mono PhosPhATe 

P = THPhOSphos PHATE 

EG = Eweryme 
The First ster of The recnon 1S ACTUATION, The second 15 
ANAMenT TO RNA TD form The TRNA omprex , ANd The LAST 
STEP 1S TYANSFER TO The tiboasome. The SPECIAL ENZYME INVOLVE 
IM The VeACTION ESTYbLIShHES Which AA Wilt be ATIAChEd TO 
Which TRNA, Thos The ATAChMenT between TRNA Ad EA CR Arid 
Acid is QuiTe specific. The TRNA ACTS AS AN “ADAPTOR” berween 
The TEMPLATE , MRNA pd The Amino Acid. 


POTN SYNTHESIS bEGCINS WHEN The MRNA comes NER 
A ribosome ANd CETS ATTAChEd, ONCE TiS HAPPENS The TRNA 
CAN ATTACH TO The MRNA AT The APPYOPrIATE FePeeF NUCLEONdE 
TYIPLET while The Amino Acid = AANGS off The OThEr idl. The 
RibesOmG Moves om one “ NOTCH" ANA fNOTHErY TRNA Comes INTO 
PLACE, Thus POSITIONING ANOTHER AMind Acid WiTW ITS resPeEnve 
AMINO Group ANd CATbOXYL Group boTh héeid réeAdy tor ThE UNION 
And formeArnon of Tre Pepnde pond. A SchemAnc represeurfhnoNn 


oF TMS id&A 1S AS follows: 
Grow iN uz) 
Pepnde 
ChMmnNe 
ROY | / \ 
Cu 


g AGC Cue 
ASU EARUCE ce AGUGACGGCAUUA 


ai 


TYPICAL § PYOTGN MOLECUE formMATION occurs AT A NATE 
of ONE Every 10 SECONd Per Ribosgme. ThiS rATEe SUBESTS 
TnAT MORE Thaw OnE ribosome ISworkine ON A MRNA AT 
ONE TIME. Jn FACT IT IS PdSSIBLGE Thad mRNA IS Ped ING 
DNF ON onEe Ed fd CONSFUCTING ProTaWs oN ME OMeER. 


A 


NT ATION 


The ordering of The fmino AcidS IM A POLPPEPTdEe chAW 
|S EXTTEMELY IMPorTAnT, 14 for AY ERBOM The code messes up 
And Produces A GITONG AMINO Acid The FinAL ProducT witt Nor 
be WhAT WAS EXPEcTed. IN the cASE of LeuKEemiA, There Are I2difterenT 
TYPES EACH DittEtiINcG by ONE AMINO Acid From The NormAtL HEMI- 
GLObim. The Amino Acid chAwcEes occur IM BoTh Tre 1 red 3 chAINS. 
The MUTATIONS Are WELL UNdEerSTOod Add represe~TATIVE fimo Acid 


Chance Arte: 
Amino Acid NUmbEeR 


Ch fn 6 16 Zo 57 $8 6S 
dé hys Gly Gly HIS ASM FRow 
b U .) ) 1 J 
ASP GLN ASp TYR Lys TO 
oa 
VAL LYS 


The A chfin MUTTON IS RESPONSIBLE 4oR SICKLE CELL AwempA. 


if The GEWETIC COdE Ig EKAMINEd TR SEE how LIKELY 
These MUTATIONS AYE we nd AT ALL bvoT ONE IS ACCOMPLIShed 
by ChANGING ONE baASE, E.4 


Amino Acid GLU  ——>-) —GLN 
Cod& GAA mae CAA 
The TWO bASE CHANGE 1S LYS TO ASP :Thig: muTATION 1S 
LESS LikeLY T® Occur TrAN The ONE base PAIF MUTATION. 


Out of Tne std? of HuTATIONS The concerT of GENETIC 
MAP order ANd MUTATION disTANce hAS EvOLVEd. AS AW EX AmPLEe 
The bacTreriA E.Coli cAN UNddErGO SEvErAL DiftferenT TYPES 
of MUTATIONS of TIYPTO PHANES EAch MUTATION COFesPONdING To 
A DifferesT AMIND Acid ChANGE. BY orderiING The muTANOMS IT 
1S fend WaT Some Seemicd TO bE MOre STYONGLY LINKEd THAN omer. 
War is 10 SAY WhEN ONG MUTATION Occurs MOST LIKELY The OTHER WILL 
Too his sugGESTS THAT The GENE CfrrTING The MUTATIONS ANE 
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IN CLOSE PROKIMITP, Some MutATONS Are WEAKLY LIN KEed Im pLyInG 
A Grenier SEPATATION DisTAWCE ON TRE DNA MOLECULE. The SoLLow we 
GrAPh |S rePpresesTANVE OF The ordeRING ANd MAPPING idéf: 


AMino Acid V1 13 9 47 49 D 
Norm AC TIR Ley Thr GW GLY Guy 

b L b b b v 

MuTET Ed tS ARG jLEYU Are VAL ASp 
MuTinow NO, 446 4387 y A 23 187 $8 


(64 


en Mee 


CLOSELY Linked AASTAISTLY LIN KEd 


GENETIC 


GENETICS 1S ThE study of GENES, GENES ARE SEGMENTS oF 
INfFOCMATMON ON We DNA MOLECULE tor M AvutAcerine A 
Pagnclhr freaintd—Acid POLYPEPTIDE ChAn 16 A Pope. The 


DNA IS The Chromosome So f GEWE 1S PART Of The chromosome 


One fascainfmmne Sdbyecr 18 CELL Division ANd Tre Procéss 


of informanon transfer, The CELL DiVISION IS CALLEd MITOSIS 


ANd CeNTYAL TO The DIVISION 18 DoOUbLING OF The Chromosomes, 
IN MAN There Are NormAtLy 46 chromosomes. ThE 46 IS DoUbLed TO 
TL Then The ceLL divides. THE Process 'S SomeTnine LIKE The 
LoLLOw ING. 


The Chromosomes Are ATTANGEdD IN THE NUCLEUS IM PAIRS. 


Each of The 23 PAIRS DItEersS IN SItE ANd ShAPE From ThE oTheRS. 


ThE Chromosdnes aré ATAChEd TOGETWEr by A STrUcTUrEe CALLEd 


The CENTTOMERE. Two rePreserghtve PMRS MAY LOOK LIKE The 
FOLLOWING 


A 


PUMING ThE NormMAL PHASE of The ceLL LIFE The StTrocrurAe 
DETAIL of Tne cChYomosome PAIS CANNOT be disnv6vu! Shéd. 


IN The firsT STAeE OF MITOSIS cAlLed The INTEF PhASE, Tne 
ChyvoMOSOMES SPLIT , )-&. Tne dovbLé HELICES YEPLIcATE, Then 
The ChvoMosones contr AcT becoménc shorter, ATER, fxd visible 


To he Microscope. ThiS MATKS The Second SHGCE CALLEd The 


ProphAse, TheR& Are NOW 4 DNA Molecules ATTAChEd TO ome 


CENTPomERE, The DNA hAtves CALLEd Chromatids 


ContracT LIKE A 
COILed SPrING. Whes The ChromaAtTids 


hive +1 Nished 
Third PhASE |The META PHASE, becius. ThE 


i yy 


A wew SsTYocTuce catléd The SPINALE APPERRS. 


iS A LONG ChAi ProTeIn MOLECULE. The sPINDLES ATIACh 
TO Tre CENTromErES AT ONE 


CONTY ACTIN G the 


ChromossmesS Now Look 


IM The MeTRPhASE 
THE SPINDLE 


ENd Awe TO Two “Pores of The 
NUCLEVS AT The OTHER. Tre Pores ARE 


LOCATEd AN The 
EQ VAT OF 


oF Tre MUCLEUS, ThE CewTYOMERES The mechAwisn oF 
Chromosome movemen T POSINOWS Whe ChV¥omATIdS ALONG The SPINdLES 
IN PrepARATION of The DIVISION POCESS, WhEeN ALL 4B ChromAsomes 


Are IN ONE PLANE , The dIVISIOW PHASE , The Ait Phise PhASE BEcws. 


The CEntromerReS Divide so MAT EACH ChromAnd hAS ITS ow" 


CenTroMERE . THE SPINALES CONTACT PULLING The Two halves 


TO OPPOSITE CORNERS OF The NUCLEVS,. WhEN ThE Chromatids 
ATE DNeEhKTLY PACKER NGArT Tne POLES , me NOCLEUS ANd CELL 


Divides iss Tne TELOPHASE, HE SPINdLES Then dismpPEAR And The 
Two cettSs become NormaAl. We 


oUTLINEA below: 


O OCQWOG 


yS 


seQuence of Evewts 1S 


MEIOSIS 


MitosiS 18 MOT The OMLY form Of NUCLEAR divISION. Durine 
SEXUAL REPMODUCTON Tne Chromosome NumMbER DOES NOT INCREASE. 
i+ it Div ASTEY Etch DivisiON There Wwoutd be 4b more 


Chvomesomes. ATTER 3 DiviISIONS There woUrd be 134 Chromosomes 


ANa@ 23,332 ASTEC 10 DIVISLONS. Thus Awome division Process 


MUST be wot KING WHICh KEEPS fF-CONSTANT NUMbeEr of Chromns omES 
For MAN two CELLS A SPEerm fiNd EGC UNITE TO form A SINGLE 


New CELL CALLEd A EYGOTE Which CONSISTS of Me desiréd 46 


Chromosome AGHN IN L3 PAIRS. Thos somehow Whe Sperm 


find ECGS GET rid of 23 chromosomes. The dECISIDON AS TO Which 
hats of The 23 PAieS IS Excluded IN We SPETM And 66 
Puréry RANDOM. 


VS 


When The Chfomosomes Double And The cewTrOMeERe IS 
ATIAChEd TO The SPiNdLE, The PATTS ARE PuLLEd APART DigfteRewily 


SPErm or Eee. 


23 


> © 


The 23 TEMAIN ING 


dic off. 


ChromatridS IM GACh AluUcCLEMLS) EV GuTVALLY 


Whenm The sPerm fd 66O Come TOGETWER IN PMRS Were 


z 
are @ (8,388 608) Possible CombinfTiows. oF Chromosomes, 


Thos THO ChANCE of ANY SINGLE SPETM or EGE CoNTHMNING oWLy 


PATECNAL OF MATErNAL F£RromMOSeMES ]5 NECLIGIbBLE. FurmeR 


civersitT? 1S AHord ed MWrovechk CroSsSOvEeR LINKAGE IN Chromtomes 


Prior J DiViSiOn- Whe 2 PAIRS of Chromosomes ARE IN 
Close PLOXIMITY MEY Gee cAN EXCHANGE GENES 


og ' 
MEIOSIS Thus ASUFE COMPLETE MIXING of The CEMETIC IM TOF MATION 


AL 


The following pages are the original real time notes taken during the lectures. 
As Feynman was having a harder time prepring for the lectures given the 
developments in the theoretical and experimental physics world, the lectures 
started to reach a stopping point. 


As mentioned before, these raw notes are the working material I started with 
to transcribe them into a more representive and presentable form. They are 
crude and maybe be of limited value to the readers very familiar to the 
subject matter. That said, their value remains in capturing the topics of 
interest Feynman had as be explored another part of science and nature that 
was not part of his CalTech program. 


In my own case I found the transcription time and effort to become challenging 
as work demands were increasing. At the time I was working on the Intelsat IV 
satellite program and we were in integration andd testing preparing for the first 
launch toward the end of 1970/early '71. It was Intelsat IV that carried the live 
video of Nixon's historic visit to China. As I was helping prepare for launch, 
several colleagues transported the critical ground station over to China and 
prepared it for the video relay. Today we take for granted such global 
communications but 40+ years ago it was "magic" as Sir Arthur Clarke called it. 
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